One of the greatest ways to transform education systems is to develop community-centered professional supports for in-service teachers. Given the rise of distance learning platforms such as massive open online courses (MOOCs), there is a growing potential to deliver such supports at scale. The community of inquiry (CoI) framework models the asynchronous, text-based communication that defines educational experiences within such collaborative learning environments; however, methods of CoI transcript analysis must be improved. This paper uses the University of Helsinki's 2016 MOOC, Sustainable Energy in Education, as a case study on how the CoI framework can be used to characterize the educational experience of in-service teachers in distance learning environments. Using the CoI coding protocol, this paper employs a transcript analysis of the discussion forum posts on the MOOC (n = 78), and applies improved measures of reliability in order to understand the capacity of CoI transcript analysis to reliably define online learning experiences. The findings suggest that, while the CoI framework is able to characterize some elements of online learning communities, more work needs to be done to ensure the framework captures the more nuanced elements of such educational experiences, such as the effects of course design and the relative engagement of course participants.
Introduction
The understanding that learning is a necessarily collaborative, social exercise is arguably older than the enterprise of formal education itself; however, the introduction of technology into formal and non-formal learning channels has raised serious questions regarding the viability of supporting such collaboration within emerging virtual contexts [1] . Massive open online courses (MOOCs), in particular, were first conceived of as a way to test the potential of connective learning in a digital age [2] . The question remains, however, whether or not MOOCs can effectively support and/or augment the community-centered learning that is possible within in-person contexts.
Building on John Dewey's theory that the process of inquiry is inseparable from its social environment [3] , the community of inquiry (CoI) framework situates this understanding of learning within the context of computer-mediated communication (CMC) and models the asynchronous, text-based group discussions that occur within spaces such as MOOC forums. While a reliable survey has been developed to instrumentalize the framework [4] , applying the CoI framework to the sort of informal, text-based communication that occurs between course participants in online MOOC forums still requires the development of a more reliable methodology [5] . Given the understanding of the CoI framework that reflective communication is critical to the educational experience [6] , this framework
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has a lot of potential to model collaborative learning in massive virtual contexts and guide online course design and pedagogy. The aim of this paper is to expand CoI transcript analysis methods in order to better understand the potential of the framework to effectively characterize educational experiences within online learning communities, such as MOOCs. The University of Helsinki's 2016 MOOC, Sustainable Energy in Education, serves as a relevant case study for these purposes, given the focus on reflective practice and community-formation within professional development for in-service teachers. This paper will proceed by providing a background on the use of MOOCs for the professional development of teachers, and will then review the components of the CoI theoretical framework. Next, the transcript data from the course will be described, analyzed using the existing CoI coding protocol, and tested for reliability, before the findings of the analysis are presented.
Background

Massive Open Online Courses (MOOCs) for the Professional Development of In-Service Teachers
In 2013, leading MOOC provider, Coursera, announced that they would be launching a new series of free online courses to support elementary and secondary school teachers' pedagogy, classroom management, and subject-specific content knowledge [7] . Though the use of MOOCs by college students has skyrocketed in recent years [8] , a less explored area of empirical literature is how MOOCs might be designed to support the professional development of in-service teachers.
The need for such professional development stems from an understanding of teachers as "reflective practitioners" that are constantly in the process of learning and improving both their content knowledge and pedagogy [9] and teaching through "deliberative action that results from the active and thoughtful consideration of specific beliefs and knowledge in relation to past and future consequences" [10] . Given findings that teachers' subject matter and pedagogical knowledge are correlated with their students' learning outcomes [11] , the value of supporting professional development for in-service teachers cannot be overstated.
The potential of MOOCs to serve as a platform for reflective professional development for in-service teachers is supported by existing research [12, 13] . In particular, teachers' participation in online professional development models has been found to increase their willingness to adopt similar progressive, 21st century teaching practices within their own classrooms [14] . Additionally, although low retention and completion rates are challenges for MOOCs in general, teachers completing a MOOC for professional development may be more likely to complete MOOCs than other students [15] .
Despite the large body of evidence detailing the necessity of professional development for in-service teachers [16, 17] , the prevailing barrier to providing such supports in-person is cost [18] . If MOOCs are able to foster learning communities that are comparable to those within in-person professional development, however, then they have the potential to overcome the barriers of cost and reach more teachers. The primary challenge of employing MOOCs as a means of professional development is "design[ing] the social supports within the MOOC structure to sustain collaboration, dialogue and ongoing reflection that is necessary for the changes in pedagogical orientation and classroom practices" [14] . Such professional communities have been found to be the preferred mode of teachers' professional development within both online and offline contexts [19] [20] [21] . Therefore, if MOOCs can be employed at scale as an effective means of community-centered professional development for teachers, they could have a transformative impact on education at large.
Community of Inquiry (CoI) Theoretical Framework
The phrase "community of inquiry" comes from Lipman, who characterized such learning environments as those in which "students and teachers are co-inquirers engaged in deliberating together about the issues or problems at hand" [22] . The goal of the CoI framework is to "define, describe, and measure the elements of a collaborative and worthwhile educational experience" [1] .
The CoI model characterizes "educational experiences" by examining the interaction of the three elements, or "presences": cognitive presence, social presence, and teaching presence. According to the model, an educational experience is defined by the ways in which these three presences overlap with and work alongside each other (see Figure 1 ). For example, the process of "Selecting Content"-i.e., determining which topics to cover in a course-is a function of the cognitive and teaching presences within that course, but not the social presence (Figure 1) . The ways in which selecting content would fully affect the educational experience of participants in the course would also depend on aspects of the social presence, such as the nature of the relationships between course members. To better understand the dynamics of these interactions, it is critical to look more closely at each of the presences that the model is built upon. 
Social Presence
Social presence is defined as "the degree to which a person is perceived as a 'real person' in mediated communication" [23] . The methods for understanding how social presence is manifested in distance learning platforms have been adapted according to the nature of text-based communication. As such, the three indicators of social presence are emotional expression, open communication, and group cohesion [24] .
Emotional expression is reflected and measured by features of a text-based conversation such as emoticons and expressive punctuation [24] . There are inherent challenges to measuring emotions through text-based communication, given the role of body language and non-verbal cues in face-to-face communication; however, participants in such learning environments have been found to "compensate for this loss of physical presence by using unconventional symbolic representations, such as emoticons, to facilitate their expressiveness in the medium" [24] .
The second and third indicators had not previously been conceptualized of as part of the social presence literature prior to the inception of the CoI framework [1] . Open communication is defined as "reciprocal and open exchanges," as measured by the presence of "mutual awareness and recognition of each other's contributions" [24] . The third indicator, Group cohesion, was introduced to highlight the role of collaboration within learning communities [1] and is measured by the presence of "activities that build and sustain a sense of group commitment" [24] . All three of these indicators apply existing pedagogical theory to the context of social relations within virtual contexts, wherein communication is primarily, if not entirely, text-based.
Cognitive Presence
Cognitive presence is defined as "the extent to which the participants in any particular configuration of a community of inquiry are able to construct meaning through sustained communication" [24] . This understanding builds on John Dewey's concept of practical inquiry and adopts the four stages of practical inquiry in Dewey's framework-i.e., triggering event, exploration, integration, and resolution-as the indicators of a cognitive presence. According to this model (Figure 2 ), inquiry begins with a triggering event, which one perceives and then explores in one's private world, before integrating that knowledge into one's existing knowledge, and then finally resolving that idea through discourse [24] . By situating the process of inquiry within both the private and shared worlds (Figure 2 ), critical inquiry is understood as a necessarily social process [24] . While there is evidence of all stages of practical inquiry being explored through computer-mediated communication, the majority of empirical findings reveal, "inquiry invariably has a great difficulty of moving beyond the information exchange or exploration phase" [25] . 
Teaching Presence
Teaching presence is defined as "the design, facilitation, and direction of cognitive and social processes for the purpose of realizing personally meaningful and educationally worthwhile learning outcomes" [26] . The three indicators of a teaching presence are instructional management, building understanding, and direct instruction [24] .
Instructional management (or, instructional design and organization) includes activities such as setting a curriculum, designing methods, establishing time parameters (i.e., course deadlines), utilizing the online medium effectively, and establishing online course etiquette [26] . Given that many of these sub-indicators for instructional management are measures of back-end course design, they might be less evident, or at least more difficult to measure, in asynchronous text-based communication in spaces such as MOOC forums, especially if course instructors are not directly participating in discussions.
Building understanding is defined as the "process of creating an effective group consciousness for the purpose of shared meaning, identifying areas of agreement and disagreement, and generally seeking to reach consensus and understanding" [24] . An example of what this indicator may actually look like in practice is the course instructor (or another course participant) intervening to encourage the participation of less-active course participants [24] .
Direct instruction is concerned with "the discourse and the efficacy of the educational process" [24] . More specifically, this indicator considers the quality of teacher feedback and how well the content and course directions encourage reflection [24] . The CoI model recognizes that text-based communication will not be the primary means of instruction by course teachers, as that instruction likely happens through means such as video instruction. Therefore, this indicator instead reflects the idea that "teachers do have a responsibility for providing contextualized knowledge relevant to subject domain [ . . . ] including personal knowledge derived from the teacher's experiences" [24] . ....
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CoI Coding Protocol
This theoretical framework has been operationalized with all of the aforementioned indicators (i.e., categories) into a coding protocol for qualitative transcript analysis (see Table 1 ). The validity of this coding protocol has been empirically tested, and the protocol has become the basis of much of the existing empirical literature on CoI [4] . The indicators provide examples of the nature of comments that might be characterized as each of the categories respectively. For example, if a course participant were to take material and connect it to experiences they had outside of the course (i.e., "connecting ideas"), then that would be a measure of integration, and therefore part of the educational experience's cognitive presence (Table 1) . Much of the empirical research on the CoI framework in recent years employs the 34-item CoI framework survey instrument to characterize communities of inquiry [27] [28] [29] [30] , and the use of the coding protocol within CoI transcript analysis has been critiqued for not revealing more complex features of the educational experience [1] . There are also methodological concerns regarding the capacity of the protocol to measure deep and meaningful learning [31] . For example, a recent critical review of CoI literature documents the failure of the framework to effectively identify instances of cognitive presence [31] . Despite these methodological concerns, these informal discussions are often the primary, if not sole, means of direct interaction between course participants and instructors [32] , and forum participation has been found to be a predictor of course retention [33] . Therefore, it is necessary not to give up on including them in CoI analyses, as improving methods of transcript analysis of such communication may prove critical in characterizing the educational experience within online learning communities. Such findings could have implications on future studies exploring the best methods for designing such learning communities in the first place.
Materials and Methods
Research Setting
The data collected for this analysis comes from postings in the online forums of the Sustainable Energy in Education course that was hosted on the University of Helsinki MOOC website during the spring of 2016. This course was offered a few months after an equivalent course was hosted for students [34] . The MOOC had four stated goals, as expressed to registered participants:
Give an overview on how our energy production and use could be more sustainable 2.
Provide ideas, support, and stimulation to handle the topic in teaching 3.
Foster the interaction between the experts in the field and share good practice internationally, as well as support learning together 4.
Bring up Finnish expertise and studying possibilities within the field.
Course participants completed a questionnaire that asked them to select up to three of the goals that were most important to them in their decision to take the course. While the creation of a supportive learning environment was important to 50% of the course participants (Goal 3), 66% of participants expressed more interest in receiving direct support in their own teaching practice (Goal 2). The delivery of content knowledge related to sustainable energy (Goal 1) was important to 52% of course participants, whereas bringing up Finnish expertise and studying opportunities within the field (Goal 4) was a primary goal for only 33% of participants. Though the course was free and open to anyone, it was designed to specifically support in-service teachers seeking up-to-date pedagogical content knowledge on topics in sustainable energy.
The course included a variety of content, such as instructional videos from expert researchers in the field, quizzes and forum discussions designed to have course participants process and reflect on the material, and a final assignment in which course participants designed their own lesson plans integrating what they learned in the MOOC. All responses to assignments on the discussion forums were public to all course participants.
Study Participants
There were a total of 149 students enrolled in the Sustainable Energy in Education MOOC, but the sample considered within this study (n = 78) was only composed of the subset of active members. To determine the relevant sample for this study, "active" course participants were limited to those who responded to the initial questionnaire, because accessing the rest of the course materials was conditional on this task. The questionnaire collected basic information from participants, such as their level of teaching, country of residence, goals in taking the course, etc. Course material was progressively made available to participants, contingent upon their completion of relevant assignments. The discrepancy between the number of registered participants and the numbers of active participants who stay engaged with the course is consistent with documented patterns of MOOC engagement at large [35] [36] [37] .
All course participants were enrolled voluntarily in the MOOC, and those who completed all of the assignments were eligible to download a Certificate of Achievement. The course was publicized online and course participants cited that they found the course via Facebook, email, Twitter, or from their colleagues. The initial questionnaire revealed that the course was composed of a mixed group of teachers, living in twelve different countries. They level at which they taught ranged greatly, from the primary school level through the doctoral level. With the exception of a few posts in forums in Finnish (between Finnish-speaking course participants), all communication and instruction in the course was in English. The majority of participants (64.1%) had never previously participated in a MOOC.
Materials
As this study is concerned with the transcript analysis of asynchronous, text-based communication within MOOC courses, the materials considered within this analysis were forum discussions on the MOOC. Such communication channels can be critical for generating new ideas, forming community, and co-creating knowledge [38] , so there are a useful platform for characterizing the nature of the educational experience within the MOOC.
There were seven forums on the MOOC course, but the transcript analysis involved only the three forums that specifically required the course participants reflect on course material. Of the forums that were excluded, one served as a course introduction and primarily involved participants sharing their names and background, the second involved participants submitting full original lesson plans that integrated what they learned, the third asked participants to share their thoughts on the course content, and the final forum was a space to submit feedback on the course. These forums that were excluded from the analysis would have been more difficult to code within the CoI framework, as the postings (the units of analysis) for these forums-especially the one that involved the creation of lesson plans-varied so greatly in length and content. Accordingly, the three forums analyzed were those that included prompts that asked the participants to directly reflect on how the course material could be connected to their teaching practice. Though the other discussions also revealed communication relevant to the CoI framework, not all of them could be included, given the time and resources available for this study. The selected discussions were also the most consistent in post length (i.e., unit of analysis) relative to each other-the first discussion consisted of 56 posts, the second discussion consisted of 58 posts, and the final discussion consisted of 24 posts (138 posts total).
For the purposes of the Discussion section, the CoI code findings from the Results section will also be compared to the final questionnaire that course participants filled out to provide feedback and reflection on the structure and content of the MOOC upon completing the course.
Methodology
The transcript analysis applied in this study builds on previous methods in order to build a more reliable means of applying the CoI coding protocol. The transcript analysis of this study was grounded in existing practices, whereby two coders receive the transcripts of the forums and are asked to code each unit of analysis-in this case, the individual posts in MOOC forums-based on the category it exhibits within the CoI coding protocol (Table 1) . Though these posts ranged in length, using individual postings as the unit of analysis allowed both coders to reliably identify which text to include in their coding [5] .
Both coders had no role in the design or implementation of the course, and all of the names of course participants were removed from the transcripts they coded. The postings were presented in order, and the posts that were responses to previous threads in the forums were designated as such to the coders. In order to not bias the coders' decisions regarding teaching presence, the coders did not know which posts were from the course instructors rather than students in the course. After this initial process of coding, reliability measures were introduced.
Building off of methods employed by Garrison et al. [5] , the coders met after independently coding the transcripts to discuss the discrepancies between their coding and bring as much of their coding into agreement as possible through the process of negotiation. Agreement rates were then calculated, before and after negotiation, for each discussion or transcript evaluated. Garrison et al. argue that this process of negotiation takes the inter-rater reliability a step further "into a state of intersubjectivity, where raters discuss, present and debate interpretations to determine whether agreement can be reached" [5] .
In order to take this method further, the analysis integrates these negotiated agreement findings into the Holsti's C.R. and Cohen's kappa reliability measures. Following the precedent of Shea et al. [3] , the Holsti's C.R. and Cohen's kappa values are calculated for both the initial and negotiated agreement values. After omitting the coding units on which no agreement could be negotiated, the frequencies for all of the posts the coders agreed on (initially and through negotiation) are reported for each category of the CoI framework.
While the frequencies of category will be considered, this methodology remains a qualitative, rather than quantitative, analysis. Additionally, the results of this methodology are descriptive, rather than inferential [5] . The frequencies will be presented as a means of characterizing the community of inquiry that may be present within the MOOC, but they are not to be used for any sort of quantitative analysis. Rather, such frequencies can be used to more generally characterize the nature of the community of inquiry within the MOOC.
Results
Reliability Findings
Prior to reporting the frequencies of each CoI indicator observed in the discussion forums of the MOOC, it is first necessary to ensure that these findings are reliable. As discussed in the Methodology section, this analysis first determines the initial and the negotiated percentages of agreement between the two coders. These values are reported in Table 2 for each of the discussion forums respectively. Because both of the coders evaluated the same units of analysis (i.e., individual postings on the MOOC forums), the percentage agreements reported are equivalent to the Holsti's C.R. values [39] . This analysis took the negotiated agreement framework of Garrison et al. one step further by integrating the Cohen's kappa as an added measure of reliability. However, given the challenge of calculating Cohen's kappa for more than three categories, and the fact that all remaining disagreements after the process of negotiation were due to disagreements between presences rather than within them, these kappa values were not calculated at the category, rather than indicator, level. This methodological decision is supported by concerns that coding should even be conducted at the indicator level [40] . Therefore, the Holsti's C.R. values are reported at the indicator level (i.e., triggering event, exploration, integration, etc.), whereas the Cohen's kappa values are reported at the category level (i.e., cognitive presence, social presence, teaching presence) in Table 3 . Given the interpretation of kappa values proposed by Landis and Koch, the initial total values reveal good agreement, and the negotiated total values reveal very good agreement; however, the initial kappa value for Discussion 3 rates demonstrate a poor level of agreement [41] . In part, this may have to do with the relatively small sample size of that forum, but the coders also discussed during the negotiation process that this was the hardest discussion to code because participants were synthesizing large amounts of material (i.e., the course materials at large) and their posts exhibited a larger range in content and length, such that the unit of analysis became more inconsistent for this particular discussion. That may reveal the necessity to employ more flexible units of analysis, such that coders are not left to subjectively interpret which parts of a transcript to prioritize in their coding.
Presence of a CoI
Given these reliability findings, the presence of a community of inquiry can be considered in the MOOC. After omitting the 13 forum posts that the coders were unable to agree upon, the frequencies of each of the categories for the remaining 125 forum posts are reported in Table 4 , where the reported frequencies include the combined raw and negotiated agreement for each category. Examples for MOOC posts that were classified under each category are also provided in Table 4 so as to better contextualize how posts were coded within this analysis, and to reveal the nature of communication that occurred within this particular MOOC. "Deforestation is a huge environmental problem seeing as forests absorb a huge amount of CO 2 [ . . . ] After the students have fully understood the problem, they could be divided into three teams. The first should do a research on the benefits of stopping deforestation, the second should research the negative effects of stopping deforestation and the last one should research the reasons for which deforestation has become such a huge problem. When all teams have finished their researches, students should discuss their findings and have a "play-roll" of a trial where each student defends his/her opinion [ . . . ] The benefits one student would have from this experience would be that he/she has gained knowledge on an important matter. In addition, he/she has learned that problems like this one are more complex than they seem and we have to take every aspect of that problem into consideration."
Social Presence
Emotional Expression 1 "I agree that experiments are important. I found it a bit challenging in innovating those for the life-cycle analysis topic."
Open communication 30 "I agree with you dear colleague. Experiments help students investigate by themselves, decide and find solutions."
Group cohesion 2 "We, as teachers, should try to sensitize children to a major ecological, health and social threat of the century: climate change." Instructional management  0  No example available  Building understanding  0  No example available   Direct instruction  3 "The best method to teach LCA to students is to make sure they understand the concept that everything we do in a given process, has its own consequences. [ . . . ] the most important idea is to help students to identify what makes a product."
Teaching Presence
Discussion
Community of Inquiry within Sustainable Energy in Education MOOC
Given this characterization of the Sustainable Energy in Education MOOC as a community of inquiry, it is possible to understand the broader potential of the CoI framework to explore and define the dynamics of online learning communities. The following section will examine the findings from the transcript analysis alongside to the feedback presented by course participants in the final questionnaire of the course in order to better understand if there were relevant features of educational experiences within the MOOC that were not picked up by the CoI framework, but were expressed within the direct feedback of course participants or revealed by the experiences of the coders during the negotiation process. Based on these findings, broader considerations of how to improve the CoI framework and methodologies will be suggested.
Social Presence
While there was some social presence documented in the MOOC, the observed frequencies were not as significant as one might expect for a course with the specific goal of connecting teachers with one another. Part of the reason for this may have to do with which discussions were selected for this analysis. For example, if this analysis had included the first forum discussion on the MOOC, then postings where participants were introducing themselves and commenting on each other's reflections would have also been coded. The three discussions that were selected for this analysis were chosen because they documented the course participants' direct engagement with the course content, rather than on their feedback on the MOOC itself, and so any social networking that may be documented in this analysis would have had to occur within these sections of the course.
During the negotiation process, both coders also noted that many of the postings that revealed a social presence also revealed a teaching or cognitive presence, and they had difficulty in deciding which was the dominant presence. Their deliberations were largely subjective, given that the coding protocol did not provide the coders any real way to determine which presence was most prominent in such situations. This reveals a limitation of existing methods of CoI transcript analysis: though the framework highlights the multi-dimensional nature of learning, the CoI coding protocol has not developed a way to reliably measure all of the nuances of these dynamics. This is a unique challenge of transcript analysis, and it has been highlighted by existing literature that warns of the methodological challenges of determining an appropriate unit of analysis [1] .
That being said, feedback from course participants was consistent with the findings of a minimal social presence. Participants commented that the course would have benefited from having more students enrolled, so the course administrators should have been advertised more effectively to reach a greater number of students. However, beyond simply the number of students being an issue, one course participant notes that the overall group dynamics could have been improved, both between participants and the course coordinators: "I hope [for] even more interaction with the other students. When the course is international, it would be nice to include one assignment with national aspect. Instructions for contacting the coordinator of the course were a little bit confusing for a first timer." Therefore, the low frequency of social presence findings in the transcripts from the forums may indeed capture how course participants felt regarding the nature of social interactions in the course. Given the coders' comments regarding their potential bias against coding social presence in situations where a comment exhibited multiple presences, however, it is worth further investigating the coding methods for social presence, as such a bias may have broader implications on the framework as a whole.
Cognitive Presence
Because of the focus on reflection in professional development settings, the role of cognitive presence in a course such as this one is of special interest. The findings regarding the frequency of each CoI category reveal that course participants' postings engaged with the content primarily at the level of exploration and integration (see Table 4 ). This indicates that course participants moved past simply asking questions, and critically engaged with the content, brainstormed ideas, converged with each other, and even started to create practical solutions to problems (such as how to engage with a particular topic in their classrooms) [3] . Though it was less common, some participants took their inquiry even further by systematically defending their proposals, suggesting the strengths of their approach and why their solution would be effective [3] .
One reason why course participants demonstrated higher levels of integration in this course than that empirically observed in other courses [25] may be due to the nature of the teaching presence-i.e., the ways in which course discussions were framed and the prompts participants were asked to respond to [40] . For example, the prompt for Discussion 1 asked participants to provide an example of the content covered that they observed within their subject field, reflect on how to introduce this concept to their students, and defend their approach to teaching that material. Though not all participants engaged with the prompt fully in their responses, this prompt specifically asked participants to develop the level of inquiry exhibited in their responses to a point of integration and resolution. Even still, course participants often brainstormed such plans, but their postings in the forums did not move beyond that level of inquiry.
A critical shortcoming of the CoI methodology in this case was that it is possible that participants were still applying their knowledge in their teaching practices, but their postings within the forum may not have documented this behavior. Even though the CoI framework is specifically interested in the nature of the educational experience, rather than its outcomes, an important measure of how in-service teachers engage with such professional development training is how they are integrate what they are learning within their actual teaching practices. This is not something that can be directly measured by looking at the forum posts alone though, so this may contribute to the framework's difficulty in documenting deep and meaningful learning [31] . It further highlights the challenge of measuring the stages of practical inquiry through transcript analysis [1] .
Teaching Presence
Though it has been discussed that the teaching presence was manifested in many ways outside of the forum conversations, participants' feedback on the course indicate that the community of inquiry may have also benefited from a stronger teaching presence in the form of more communication on the forums. For example, one course participant wrote:
"Although perhaps it's not the aim of the course, I think that course contacts should take part more in discussions."
Other students also noted that they would have wanted more comments and feedback from moderators, and an area of improvement expressed by course participants would be to have "more expert involvement in the interactive discussions." Given findings that "teaching presence is a significant determinant of student satisfaction, perceived learning, and sense of community" [40] , these student comments should be taken seriously. However, as the findings from this MOOC reveal, "depending on the design and pedagogical approach, students may not differentiate between design and direction or facilitation and direction" [1] . In other words, though teaching presence may take on less direct forms in the context of online learning environments, that may not always be apparent to course participants, making teaching presence difficult to measure with the CoI framework. This holds true with both transcript analysis and the survey instrument, given that both approaches rely solely on the students' impressions of the learning environment.
This may also reveal that the transcript selection for this analysis was biased in that it excluded the primary means of communication used by instructors in the course-i.e., instructional videos, instructions for assignments, etc.-because the methodology employed focuses on the less structured channel of asynchronous text-based communication of the forums. In the context of this MOOC, most of the instructors took a more "hands off" approach when it came to forum discussions and let the students self-moderate their discussions. From a methodological standpoint, it is worth further exploring the nature of the value of instructor engagement in spaces like MOOC forums. For example, it may be possible that course participants benefit from some participation of course instructors in forums, but that if the teaching presence becomes too over-powering, they might become less engaged within forum discussions. Given the current framework, however, this lack of a reported teaching presence may be more tellingof the ways that the three presences may manifest in different forms of communication within the MOOC platform. Future CoI research needs to take seriously the distinction between perceived teaching presences by students versus teachers (or even by a third-party observer), as there may be differences that have bearings on the nature of the community of inquiry framework at large.
Improving the CoI Transcript Analysis Methods
The aim of this analysis was to revisit methods of CoI transcript analysis in order to consider whether or not such methods can effectively and reliably be used to characterize the nature of educational experiences within online learning communities. While this analysis was able to progress methodologies for transcript analysis in terms of improving their reliability, questions still remain regarding the capacity of the CoI framework to effectively document all of the relevant aspects of an educational experience. In order to explore the power of the CoI framework in characterizing dynamics of learning within online communities, it is important to synthesize what the findings from this case study reveal about CoI transcript analysis methods more broadly.
The process of negotiation, in particular, revealed several limitations of the CoI coding protocol and of the CoI framework at large. For one, the majority of initial disagreements between the coders were due to their difficulty in distinguishing between the levels of practical inquiry within cognitive presence. This is consistent with criticisms that the framework fails to actually identify what instances of these categories look like [31] . In the case of this analysis, the coders had to define their own instances for these categories and then systematically apply these understandings across the coding to resolve their disagreements. While the process of negotiation made this reliable in this analysis, this raises serious concerns regarding the reliability of comparing findings between different CoI studies that involve transcript analysis. This may, in fact, account for the fact that this MOOC had higher levels of integration observed than has been documented in previous empirical studies [25] . If each set of coders are left to resolve their own understanding of instances of cognitive presences, then it will be difficult to compare the frequencies of categories observed in various studies in any meaningful capacity.
Another shortcoming of the CoI framework revealed by this analysis is the difficulty in capturing the multi-disciplinary nature of the educational experience. During the negotiation process, the coders had differences between their coding because they observed multiple presences and had to make subjective deliberations regarding which was the most dominant presence. This problem particularly affected measures of social presence; in cases where a forum post revealed both a social presence and another presence, the coders often did not code the posting with a social presence category. Given how central the notion that the presences are mutually enforcing is to the core of the CoI framework, this concern needs to be taken seriously in CoI transcript analysis moving forward. While the CoI survey instrument has been used to study the interdependent nature of the presences [1] , observing the actual communication between course participants and moderators may reveal features of the social presence that the more structured survey instrument cannot.
An additional problem related to social presence is that the existing CoI methods of transcript analysis do not take into account the relative engagement of course participants. For example, one or two so-called "super-posters" might dominate communication with a course, as is common within MOOC settings [42] , but reporting the frequencies of each category alone fails to capture these dynamics. While the frequencies are not to be employed in any sort of quantitative analysis, they are still the primary means of understanding the nature of social presence within the transcript analysis method of CoI analysis. Empirically, these dynamics affect the overall educational experience of the course, as the presence of "super-posters" is positively correlated with higher-quality postings from other course participants [42] . Therefore, this is a potential area for growth with CoI transcript analysis methods-and the framework at large-because it points to a relevant feature of an online learning community's social dynamics that the framework is not yet designed to capture.
All of these challenges reflect the more significant problem that transcript analysis alone may be unable to capture the full nature of an educational experience in an online learning community. As was particularly the case with teaching presence in this case study's MOOC, there are aspects of such courses that affect the nature of an online community's educational experience that are not necessarily observable in the content of asynchronous communication. For example, the teaching presence may become more manifest in the back-end course design, rather than in the communication that transcript analysis measures. In the case of this MOOC, it appeared that the course design-specifically the way that discussion forum prompts were worded-was associated with more reflective postings by course participants; however, it would be more useful if the framework itself was able to directly account for the design of the course in its characterization of the educational experience. Alternatively, transcripts from instructional videos could also be coded as part of the analysis. Given the multi-dimensional concerns that go into fostering any learning space-but especially an online one-as one of community, developing a more holistic understanding of course dynamics would benefit the CoI framework.
Finally, a continued area for growth in the CoI framework is to transition from being a descriptive tool to a valid tool of inference [40] . While it is helpful to characterize the MOOC in this analysis as a community of inquiry, it would be even more powerful if the framework could provide grounds for inferring which characteristics of the course would be best built upon for future professional development MOOCs. If this methodology is unable to transition for being merely descriptive to predictive, then it may soon lose relevance to theories that are capable of providing this sort of analysis.
Conclusions
There is a great need to build reliable frameworks for characterizing the education experiences within distance learning contexts; however, the existing methods are still inadequate at capturing all relevant dimensions of such learning environments. This analysis develops methods of CoI transcript analysis in order to address concerns regarding the methodology's reliability, but there is still a need to develop the CoI framework further, so as to ensure that the framework is capable of effectively characterizing the nuances of educational experience in online settings. Though this analysis relied on descriptive, rather than inferential, methods of analysis, future studies might explore the potential of the CoI framework to be used to develop models of collaborative learning in distance learning channels. There is tremendous value to developing these models for effective online learning community-building because improving the ability to deliver effective, community-centered education at scale to groups such as in-service teachers could have a profound impact on the landscape of education at large.
